At the turn of the century, the mortality from liver abscess was 100%. Surgical drainage reduced the mortality to 50 to 75% by 1930. Antibiotics led to a further reduction but there was little change in the mortality during the next 25 years until recently when the adoption of special localization techniques promised a great improvement. In the nineteenth century a common cause of liver abscess was undiagnosed appendicitis. This has been corrected, so eliminating deaths in the young age groups. The condition now affects predominantly the aged and enfeebled but it remains a condition with a high mortality and morbidity despite diagnostic awareness and therapeutic improvements. Liver abscess is sometimes only one manifestation of severe infection elsewhere. The initial features of the disease may be non-specific and the fully developed picture is late in appearing. Consequently there may be delay or failure in diagnosis. Inadequate drainage of multiloculated abscesses or failure to drain secondary abscesses adds to the problem. Few see many cases and this stresses the need for a continual review of the condition in all its aspects.
MATERIAL
During the 10-year period 1957-66, 48 patients with liver abscess were admitted to two Bristol hospitals, and have been classified as follows: TYPE 1 (17 PATIENTS) In this group presentation was acute in immediate continuity with some other acute abdominal pathology. The abscesses were usually multiple, but in general there was no diagnostic problem. Table I summarizes the cases in this group. TYPE 2 (31 PATIENTS) This group constituted the main problem and forms the basis of the paper. The abscesses were usually solitary with a 'chronic' presentation. There was no such time relationship as in type 1 and a prolonged search, often fruitless, was needed to determine a primary source of infection. The essential features of patients in this group are given in Table II . This type of abscess occurred twice as frequently as the acute variety. 389 Six patients were excluded from the review: two patients with infected metastases from carcinoma of the rectum and one with carcinoma of the stomach, two with non-specific granulomata of the liver, and one patient with a liver abscess due to empyema of an intrahepatic gall bladder. There were two cases of amnoebiasis of the liver during the period under review.
In type 1 liver abscess, the most acute form was seen in patients nos. 15 and 16, who had multiple liver abscesses with jaundice, anuria, convulsions, and coma due to Gram-negative bacteraemia. These died within one week of onset.
In type 2 liver abscess, the preliminary diagnosis in hospital was correct in 26 of the 31 patients. In the remaining five patients, the initial diagnosis was brucellosis (2), perinephric abscess (1), and reticulosis (2). ANALYSIS This is largely confined to patients with type 2 abscess as these presented the main difficulty. Figure 2 . The fatal cases had levels of serum albumin below 2g/100 ml. Of the liver function tests, the rapidly falling serum albumin level is the most important index of liver abscess. The transaminases are used as an index of hepatocellular damage whilst serum alkaline phosphatase estimation is dependent on liver excretion (Fig. 3. Table II ). In each instance it was possible to say confidently that an abscess or abscesses were present. Scans on a patient with amoebic abscess were equally helpful. Figure 5 shows the ultrasonic liver scan of case 31, and Fig. 5a the appearance of the abscess cavity after drainage. Figure 6 shows the appearance of the patient with amoebic liver abscess.
Isotope scans These were performed on two patients, cases 17 and 31, and showed the presence of localized areas of low count rate. Figure 7 indicates the type of appearance. The isotope used was techetium 99m tagged to a sulphur colloid (Paton, 1966) . Scans of a patient with multiple amoebic abscesses also showed localized areas of low uptake.
Of the commonly used investigations, most help in diagnosis was afforded by the falling albumin level and the increased vitamin B12 level, especially in view of the fact that there may be no increase in the leucocyte count. The ultrasonic and isotope scans were diagnostic when used.
With reference to the return of liver function tests to normal after an abscess has been drained, this may take from three months to one year, and is illustrated in Figure 3 . It is important to stress that the serum albumin level may continue to fall for a period after operation, due to impaired liver function, loss in the exudate, and the catabolic effect of the procedure.
PRIMARY SOURCE OF INFECTION This is the most difficult part of the analysis: although there must be a source in every case, prolonged search may not reveal it. The immediate task of treating the abscess takes priority and in most patients the search for the primary focus follows later. This source may be very small and may have healed before the liver abscess has become manifest. The cryptogenic group may be regarded as 'not proven' but consideration of the bacteriology of these, chiefly coliform organisms, would indicate that they probably have an origin in the portal area. The patients with postoperative abscesses had gastric operations one and four years previously. Following pancreatitis, the liver abscess became apparent after an interval of nine months. In the patients with the source in the lungs, both had proven pneumonia one and three years previously.
ORGANISMS Bacteriological studies in liver abscess are of twofold importance: (1) to control antibiotic therapy by sensitivity tests, and (2) as an aid in identifying the source of the infection. Unusual organisms, not coliform in origin, may point to the biliary tract as the culprit. Table VII shows the organisms identified in this series. The findings indicate the importance of doing anaerobic and aerobic cultures for bacteria and fungi. It is perhaps of interest to note that only the anaerobic actinomyces are found as commensals in man. In the acute abscesses (type 1) additional organisms were found in one fourth of the patients: Cl. welchii, haemolytic streptococci, and coagulasepositive staphylococci. At this point, it is worth recapitulating those features of liver abscess which seem to indicate a sinister prognosis: features of gross liver destruction and poor defence mechanisms, severe jaundice, coma, hypotension, and associated diabetes (all three patients with this died), laboratory tests showing serum albumin level below 2 g/100 ml, no leucocytosis, low blood urea (three patients with levels below 12 mg/100 ml all died).
OBSERVATIONS ON TREATMENT
All patients had broad-spectrum antibiotics (tetracycline or penicillin and streptomycin), which were modified when bacterial sensitivity was known. Infusions of blood and triple strength plasma were used when necessary, in particular as a preparation for surgery. On three occasions, mannitol was given during or after operation.
Nine patients were never fit for surgery. Drainage operations, including resection of part of the left lobe of the liver, were performed on 22 patients, seven of whom required drainage of metastatic abscesses. Repeated drainage was necessary in four patients owing to inaccurate siting of the drain and the presence of loculi. All but two were drained via an abdominal approach, the two with thoracic approaches needed further drainage through the abdomen. There was very little choice about the method of approach because localization in the liver had not been determined and there was a need to explore the abdominal viscera. A thoracic approach in the absence of localization does not permit adequate inspection of the liver.
At operation, there may be no visual evidence of the site of the abscess in the liver, but an altered consistency may be palpable. Needle aspiration is usually necessary. In three patients localization was determined before operation, one in whom the abscess was tapped during liver biopsy, and two by ultrasonic and isotope scans. After aspiration, Lipiodol was introduced into the cavity and was followed by x-ray studies in different places and positions to reveal the site and dimensions of the cavity. When the drainage tube was introduced into the abscess cavity at operation and carefully positioned for dependent drainage, it was left in situ until repeated sinograms showed no cavity but only the tube track. It is important that sinography should be done in two planes (anteroposterior and lateral) to be certain that the cavity has been obliterated (Figs. 8a and 8b) . Chemotherapeutic cover was continued in this series until drainage was complete and the liver function tests were improving.
DISCUSSION
The classification of liver abscesses adopted in this paper is not the usual one. It is submitted as useful because it stresses two distinct clinical presentations. In type 1, acute multiple abscesses associated with jaundice follow directly on some other primary recognizable pathological process, ie, the source is usually obvious from the beginning. Type 2 abscesses, oni the other hand, have a more chronic presentation and the cause is obscure at the onset. These abscesses may present a major problem and the main discussion is centred around them. The salient features of this group of abscesses in this series are as follows: The onset is insidious. The abscess is solitary, and has a predilection for the right lobe of the liver. Jaundice is not common. There is a high incidence of metastatic abscesses elsewhere. Often there is no leucocytic response.
The localization of an abscess in the liver is related to its function as a bacterial filter. The predilection for the right lobe is less easily understood on the basis of 'streaming' of blood in the portal system. Nevertheless, a greater volume of blood goes to the right lobe compared with the left and this must play a part in localization. It is of interest to observe that liver abscess is a rarity in cases of ulcerative colitis despite the frequency of bacterial insult that occurs via the portal vein (Brooke and Slaney, 1958) . The occurrence of liver abscess in the aged and enfeebled, the frequency of bacteraemic shock and metastatic abscesses, and the lack of leucocytic respense indicate a failure in defence mechanisms.
The number of patients in this series is similar to that in most reviews in the literature.
Most series indicated slight preponderances of males compared withfemales. Rothenberg and Linder (1934) , however, recorded a sex ratio M/F of 2.5/1, whilst May et al (1967) found an almost equal incidence in men and women. With the exception of the series reported from Hong Kong (McFadzean et al 1953), which had a high incidence in young age groups, all the remaining authors recorded a maximal incidence in older people.
The relative frequency of solitary and multiple (1961) and May et al (1967) found multiple abscesses to be commoner, whereas Block et al (1964) and Pyrtek and Bartus (1965) recorded equal numbers of solitary and multiple abscesses. The latter authors observed that 90% of liver abscesses associated with biliary obstruction were likely to be multiple whilst some 95 % of abscesses due to systemic or portal invasion were usually solitary. It has been frequently reported that the solitary liver abscess differs from multiple abscesses in that the source of the former was usually obscure (Beaver, 1931; Bourne, 1954; Davidson, 1964; Matheson et al, 1964) . The present review reinforces these observations. The preference of solitary abscesses for the right lobe of the liver is well documented. Rothenburg and Linder (1934) and Berke and Pecora (1966) found that all the solitary abscesses were so situated. McFadzean et al (1953) reported 13 of a series of 11 abscesses to be in the right lobe. Pyrtek and Bartus (1965) recorded 17 abscesses in the right lobe and five in the left in 22 cases. Diffenbaugh et al (1960) considered the right lobe to be involved eight times more frequently than the left, whilst Hirschowitz (1952) indicated that abscesses are likely to be situated in the right lobe when the source was unknown. According to Pyrtek and Bartus (1965) , abscesses following gastric operations are usually in the left lobe, although the examples in the present series were in the right lobe.
The high incidence of metastatic abscesses in lungs and brain-nearly 50 % in this series-is an important finding because of its influence on presentation and prognosis. It is also indicative of ready blood dissemination. Block et al (1964) reported the need for drainage of abscesses elsewhere, especially in the brain and kidneys, in one third of their patients. In the review by Diffenbaugh et al (1960) , empyema, abscesses of the lungs and brain, and subphrenic abscesses were reported. Some 10% of cases of subphrenic abscess have intercurrent liver abscesses (Harley, 1955) . Other complications reported include involvement of the pericardium (Azan, 1932; Zodikoff, 1947) and invasion of the inferior vena cava (McKnight, 1928) and of the hepatic veins (Webber and Coe, 1950) . A persistent complication, 'haemobilia', due to haemorrhage into the abscess cavity, has been described by Karam and Jacobs (1961) and by Urschel, Skinner, and McDermott (1963) . Its importance lies in the fact that resection of the appropriate lobe may be necessary after precise localization. One wonders if this feature is more common than is generally thought by virtue of the severe anaemia, the colour of the pus, and the occurrence of hypotension seen in patients with liver abscess.
With regard to clinical presentation, Rothenberg and Linder (1934) believed liver abscess to be a well defined entity, amenable to surgery and associated with a reasonable prognosis. This is probably true for those very familiar with the problem as exemplified by the report of McFadzean et al (1953) . The present review, however, is indicative of the opposite point of view and more in keeping with the findings of Cronin (1961) and Block et al (1964) . It is important to recall the somewhat chastening observations of Ogden et al (1961) and Pyrtek and Bartus (1965) that the diagnosis may not be established in more than 60% of patients until necropsy. The non-specific early symptoms and the varied clinical pattern of presentation seen in the present series must be stressed.
The insidious onset is well recognized (Rothenberg and Linder, 1934; McFadzean et al, 1953) . The frequency of pain varies considerably in reported cases from one in seven of patients (McFadzean et al, 1953) to almost two-thirds (Cronin, 1961) . There is no doubt that pain is a much more regular and persistent feature of acute multiple abscesses than of solitary ones. A particular observation that is confirmed by the present review is that the pain is not usually accompanied by vomiting (McFadzean et al, 1953; Cronin, 1961) . Jaundice occurred in all the patients with type 1 abscess, and in 25% of the 31 patients with type 2 abscess. Cronin (1961) observed jaundice in one of 10 solitary abscesses and in half of the patients with multiple abscesses. Diffenbaugh et al (1960) also found it to be a feature of multiple abscesses. In general, it may be said that jaundice is indicative of multiple abscesses, of biliary obstruction, or of diffuse and severe liver destruction. Hepatomegaly has been observed as the commonest physical sign, and it should be noted that the enlargement may be sudden and dramatic (Wyndham, 1945; Diffenbaugh et al, 1960) .
The investigation of patients with possible liver abscess needs special comment. In particular, the observation that 30% of all the cases, and 50% of the fatal cases, never had a leucocytosis is important. It will be appreciated already that in patients with the chronic type 2 abscess, where the source is not immediately obvious, the abscess will probably be solitary and in the right lobe. Even so, there is no doubt that the great need at the moment is the adoption of special localization techniques, essential for both early diagnosis and accurate drainage. Photo scanning of the liver following the administration of radioactive substances, eg, Rose Bengal 1311, radioactive gold (198Au) or Tehnetium-m 99, has been done with promising results (Wagner et al, 1961; Nagler, Bender, and Blau, 1963) ; Block et al, 1964; Schuman, Block, Eyler, and DuSault, 1964; Pyrtek and Bartus, 1965) . The smallest defect detectable is about 2 cm diameter but nevertheless the overall accuracy is about 77% (Gollin, Sims, and Cameron, 1964) . If isotope scanning had been used in all patients in the present series it is likely that most of the abscesses would have been detected as the smallest was 6 cm in diameter. In the two patients in whom the investigation was carried out an early diagnosis was made. Ultrasonic scanning of the liver used on two patients in this series has a major advantage over the isotope scanning in that it can clearly distinguish between solid and fluid-filled lesions thus separating abscess from tumour. The equipment necessary to perform an ultrasonic B scan of the liver is not portable but the A scan equipment is, and this latter equipment is adequate for the diagnosis of abscess provided that the operator is experienced. Although we have used these techniques in a small number of patients with abscess, in five other patients abscess was excluded by the scan, although clinical suspicion was high.
Transaortic hepatic arteriography and splenoportography have also been used (Urschel et al, 1963; Gollin et al, 1964) and may be indicated if scanning is not successful. When these techniques have been used, the mortality from liver abscess has been reduced to negligible proportions in a small series of patients.
The probable route of infection is shown in Table VI : 20% via the biliary tract, 30% by the portal vein, and 6.7% by the systemic circulation. In nearly half the series, the source, and hence the route, was uncertain but probably in the portal vein. The high incidence of 'cryptogenic' abscess has been frequently recorded.
It is surprising that cases occurring after abdominal operations are not more common in view of Wilkie's (1911) demonstration of the frequent occurrence of infarcts in the liver after ligature of mesenteric vessels. Liver abscess following infarction due to polyarteritis nodosa has not been seen, but Brittain et al (1966) have reported an abscess following liver infarcts due to sickle cell disease.
The bacteriological studies require little comment. All reports show frequent infection by Esch. coli, but some authors have stressed the importance of anaerobic infection (Stokes, 1960) . Block et al (1964) found an approximately equal incidence of aerobic and anaerobic infection. The present series stresses the necessity of both types ofculture on all occasions. Sterile cultures, frequently reported, may be a reflection of failure to observe this rule.
The experience of treatment in this series has already been reviewed briefly, with special reference to the operative approach and management of tubes. Early diagnosis and localization by ultrasonic or isotope techniques and the use of the appropriate antibiotic are likely to cause a reduction in the present mortality due to liver abscess. Surgical drainage is probably necessary but the superb results obtained by McFadzean and his colleagues (1953) using aspiration and instillation of antibiotics must be remembered. 'Septic shock', often due to a Gramnegative bacteraemia, must be treated with the appropriate antibiotics and expansion of plasma volume with continuous monitoring of the central venous pressure by means of a polythene catheter in the superior vena cava or right atrium. Hypertensive agents will often be necessary. Isoprenaline may be the drug of choice as it causes increased cardiac output and peripheral vasodilatation thus increasing tissue perfusion (Weinstein and Klainer, 1966) . Metaraminol (Aramine) is sometimes helpful. Careful control of acid base balance is necessary. In most reported series, the mortality remains high and corresponds with that found in this review, 25%, even when the liver abscess is uncomplicated. It will be recalled that the initial diagnosis was correct in about 83% of the patients in this series. This is evidence of awareness of the disease and indicates that the critical question in liver abscess may be not so much, 'What is it?' but 'Where is it?' SUMMARY A retrospective analysis of 48 patients with liver abscess abmitted to Bristol hospitals in the 10-year period 1957-66 is presented. In view of the high mortality in cases of pyogenic liver abscess, aids to diagnosis are stressed, eg, falling serum albumin levels and raised serum levels of B12. Drainage offers the only chance of survival but accurate localization of the abscess by isotopic or ultrasonic scanning is needed.
